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studies1-3 have proposed that a simultaneous aortic arch
and ascending aortic repair could be performed with
both an acceptable mortality and better late results than
a previous limited repair. However, in most reports4-6
such aggressive procedures are only recommended in
specific settings. In Japan, use of gelatin-resorcin-for-
mol (GRF) glue (Cardial, Saint-Etienne, France) has
been allowed since September 1995. In addition, in a
previous study7 we analyzed and reported the effects of
our procedures for brain protection by using large doses
of thiopental under profound hypothermic conditions.
To improve the long-term results of operations for acute
aortic arch dissection, our surgical strategy was deter-
mined as described below. Irrespective of whether the
intimal tear is located in the aortic arch, a simultaneous
replacement of the ascending and transverse aorta with
the prosthesis is routinely performed for all patients
whose aortic arch is injured by the dissection.
Our cardiovascular center was organized in 1992, and
the number of patients who underwent the previous
It has been clearly established that an acute type A aor-tic dissection requires emergency surgical interven-
tion. Recently, the immediate results of a surgical repair
for this disease have dramatically improved. Therefore,
in addition to saving the patient, the prevention of late
complications and deaths has now become the focus of
modern surgery. The extent of resections has been
expanded to realize this objective, and several recent
Objectives: Recently, the immediate results of a surgical repair for an acute
aortic arch dissection have dramatically improved. However, a total aortic
arch replacement is recommended in a limited number of patients with an
intimal tear located in the aortic arch. We have performed a total aortic arch
replacement for all such patients with an acute aortic arch dissection since
September 1995.
Methods: During the past 4 years, 27 consecutive patients who had an aortic
arch dissection underwent a total aortic arch replacement. Twenty-five
patients underwent an emergency operation. In 5 patients the intimal tear
was located in the aortic arch, but in the rest of the patients, it was located in
the ascending aorta or the proximal descending aorta. To obliterate any false
channels, gelatin-resorcin-formol glue was used.
Results: The hospital mortality was 11%, and no cerebral complications were
observed. Postoperative aortography and computed tomography showed no
evidence of any persisting false channels in 15 patients (65%). During the
follow-up period (ranging from 5 months to 4 years), two patients underwent
a reoperation because of the recurrence of a dissection at the sinus of
Valsalva. All patients, except for one who died after a reoperation, are still
alive and free from any serious events at this writing.
Conclusions: Resecting both the ascending and transverse aorta, irrespective
of whether the intimal tear is located in the aortic arch, may be an acceptable
alternative at experienced centers because of its low mortality and good
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conservative strategy (ie, an ascending aortic repair
alone or hemi-arch repair) was very small. Therefore,
the results of our aggressive approach could not be
compared with those of our previous repair.
Here we describe the early and midterm outcomes of
this procedure while comparing our findings with those
of a more conservative repair, as reported in the literature.
Methods
Patients. From September 1995 through August 1999, 27
consecutive patients (18 men and 9 women) underwent a
graft replacement of the ascending and transverse aorta for an
acute type A aortic dissection involving the aortic arch. All
patients were managed according to our aggressive strategy.
The age of the patients ranged from 39 to 79 years (mean,
63.3 ± 9.2 years). The preoperative complications related to
the aortic dissection included shock, which was defined as a
systolic blood pressure of less than 80 mm Hg in 11 (41%)
patients; cardiac tamponade in 11 (41%) patients; aortic
regurgitation, which was observed on an echocardiogram to
be more than a moderate degree in 11 (41%) patients; tran-
sient cerebral ischemia in 6 (22%) patients; renal ischemia,
which was defined as a serum creatinine level of more than
2.0 g/dL in 6 (22%) patients; leg ischemia in 5 (19%)
patients; coronary ischemia in 3 (11%) patients; paraparesis
in 2 (7%) patients; and mesenteric ischemia in 1 (4%) patient.
No patients demonstrated Marfan syndrome. The time of the
initial dissection, as defined by the onset of chest pain, ranged
from 4 hours to 7 days before the operation. Twenty-five
(93%) patients underwent an emergency operation within 24
hours of onset. In 2 patients the operation was not performed
on an emergency basis because the false channel in the aortic
arch was found to be obliterated by thrombi on computed
tomography (CT) with contrast media.
All patients underwent preoperative CT to confirm the
diagnosis, but 15 (56%) patients did not undergo preoperative
aortography because of their critical state. The intraoperative
findings indicated that an intimal tear was located in the
ascending aorta in 18 (67%) patients, from the ascending
aorta to the aortic arch in 1 patient, in the aortic arch in 4
patients, and in the proximal descending aorta in 3 patients.
In 1 patient no intimal tear was found either during the oper-
ation or on postoperative aortography in either the ascending
aorta, aortic arch, or descending aorta.
Surgical technique. According to our surgical strategy,
all patients whose aortic dissection involved the aortic arch
underwent a simultaneous replacement of the ascending
aorta and the aortic arch. Both the nasopharyngeal and rec-
tal temperatures were monitored, and electroencephalogra-
phy was performed. A median sternotomy was performed
in all patients. The femoral artery with a stronger pulsation
and the right axillary artery were both cannulated to avoid
any malperfusion caused by retrograde perfusion through
the femoral artery. A venous drainage cannula was placed
through the right atrium. The left side of the heart was
vented through the right superior pulmonary vein. The
patient was then started on cardiopulmonary bypass (CPB)
and cooled systemically. After spontaneous ventricular fib-
rillation caused by cooling of the heart, the ascending aorta
was crossclamped just proximal to the origin of the innom-
inate artery. The aorta was opened longitudinally, and then
the aortic root was inspected. Cold crystalloid cardioplegic
solution was directly infused into the coronary ostia. The
ascending aorta that was injured by the dissection was
totally resected, or if the dissection progressed beyond the
sinotubular junction, then the ascending aorta was transect-
ed circumferentially 1 cm above the coronary ostia, and the
distal segment of the ascending aorta was resected. When
the dissecting process remained in the sinus of Valsalva, the
proximal aortic stump was reconstructed with continuous
mattress sutures and circular Teflon collars, and GRF glue
was applied to the false channel, as previously reported in
detail.8 Attempts were made to preserve the aortic valve for
all patients except for patients who had a pre-existing
dilatation of the aortic sinuses. In 10 of 11 patients with
acute aortic regurgitation, aortic valve resuspension was
performed, whereas the remaining patient underwent a
replacement of the aortic root with a composite valved
conduit. Coronary artery bypass grafting was concomitant-
ly performed in 1 patient whose right coronary ostium was
severely compressed and stenosed by the dissection.
Systemic cooling progressed until the attendant neurolo-
gists confirmed the total disappearance of any electroen-
cephalographic activity. The pharmacologic combination
of thiopental, nicardipine, and mannitol was used for brain
protection before circulatory arrest, as previously report-
ed.7 After CPB was discontinued, the aortic arch was
opened, and the proximal descending aorta was transected
circumferentially just distal to the ostium of the left sub-
clavian artery or intimal tear in the proximal descending
aorta if exposed. The aortic arch was routinely totally
resected together with the proximal segments of the bra-
chiocephalic vessels. The distal aortic stump was recon-
structed in the same manner as the proximal stump. The
false channels in the brachiocephalic vessels, when pres-
ent, were also obliterated by using GRF glue. A prosthetic
graft with 4 limbs, consisting of 3 limbs to reconstruct the
brachiocephalic vessels and 1 limb to establish arterial
access of CPB after aortic arch repair, was then anasto-
mosed to the distal aortic stump, and thereafter the innom-
inate and left common carotid arteries were reconstructed.
Subsequently, the arch graft was crossclamped at the pre-
innominate area, and then CPB was resumed by using the
limb for the arterial access of CPB. During rewarming, the
arch graft was anastomosed to the proximal aortic stump,
which had already been reconstructed, and then to the left
subclavian artery. CPB was terminated when normothermia
had been achieved.
CPB. The nasopharyngeal temperature reached 11°C to
22°C (mean, 14.7°C ± 2.5°C). The alpha-stat method of
blood pH regulation was used during hypothermia. The dura-
tion of circulatory arrest ranged from 30 to 77 minutes and
averaged 50.6 ± 11.8 minutes.
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According to the results of psychometric tests, a
change in character was suspected in only 1 patient, but
the remainder did not show any memory disturbance or
cognitive dysfunction.
Paraparesis was noted in 1 patient. This patient had
paraparesis before undergoing an emergency operation,
probably because of cord ischemia. The aortic dissec-
tion in the descending aorta was considered to be the
cause of the obstruction of the blood supply to the
spinal cord. The patient with paraparesis did not recov-
er completely after the repair of the aortic dissection,
but he could walk by himself at the time of discharge.
The interval between the completion of the operation
and regaining consciousness ranged from 0.5 to 13
hours and averaged 4.7 ± 3.9 hours. This long interval
may be attributable to the use of large doses of thiopen-
tal. No other side effects related to thiopental were
observed.
Postoperative aortograms and computed tomo-
grams. Except for 2 patients who required hemodialy-
sis postoperatively, all survivors of the operation under-
went aortography and body CT (n = 23). Using these
studies, radiologists evaluated the state of residual false
channels. No evidence was observed of persisting false
channel in 15 (65%) patients. A false channel persist-
ing in the abdominal aorta, which was perfused through
the intimal tear in the distal descending aorta or iliac
arteries, was seen in 7 patients. In 1 patient a minor
leakage was demonstrated at the distal anastomotic
site. His false channel, however, was found to be total-
ly thrombosed on CT 6 months after the operation.
Midterm results. The 24 survivors were followed
postoperatively for an average of 2.3 years (range, 5
months to 4 years). All patients were followed up
monthly, and the state of the residual false channels was
evaluated by CT every 6 months. Two patients under-
went reoperation for recurrence of a dissection in the
proximal aortic stump. In 1 patient a dissection recurred
around the sinus of Valsalva, and acute aortic regurgita-
tion also recurred 1.5 years after the initial operation. In
another patient severe hemolysis and deformity of the
sinus of Valsalva occurred 7 months after the initial
operation. In both patients the intima of the sinus of
Valsalva was detached from the aortic wall, and a recon-
struction preserving the aortic valve was judged to be
difficult. A replacement of the sinus of Valsalva with a
Freestyle stentless porcine aortic root bioprosthesis
(Medtronic, Inc, Minneapolis, Minn) with coronary
artery reimplantation was performed in both patients.
One of these patients died during the operation as a
result of left ventricular dysfunction. Other than these
serious events, there was one transient ischemic attack




Operative mortality and morbidity.  Three (11%)
of 27 patients died (5% to 21% confidence limits) dur-
ing hospitalization. The causes of death were graft-ver-
sus-host disease caused by intraoperative transfusion
and sepsis caused by an infected decubitus ulcer and
ventricular arrhythmia, respectively. Graft-versus-host
disease occurred in a 65-year-old woman on the 12th
postoperative day, and she died on the 20th postopera-
tive day despite receiving large doses of steroids. A 64-
year-old woman who died of sepsis had a decubitus
ulcer at the onset of an acute dissection because she
had been bedridden for 1 year because of an old
extended myocardial infarction with congestive heart
failure. The ulcer became infected after repair of an
aortic dissection, and sepsis occurred after prosthetic
valve endocarditis. She died on the 90th postoperative
day. A 70-year-old woman who died of ventricular
arrhythmia underwent an emergency operation without
preoperative angiography. After an aortic arch repair,
ventricular fibrillation suddenly occurred after com-
plete atrioventricular block on the first postoperative
day. She could not be resuscitated. This event was sus-
pected to have been caused by pre-existing coronary
artery disease.
In 2 patients the surgical wound was reopened
because of bleeding from the anastomotic site of the
carotid artery and distal aortic stump, respectively. All
patients regained consciousness without any sign of
stroke. Spinal damage was noted in 1 patient who had
paraparesis and myonephropathic metabolic syndrome
postoperatively. Another 4 patients had ischemic dam-
age of various tissues postoperatively as a result of
hypoperfusion either during or after the operation: par-
alytic ileus in 1 patient, splenic infarction in 1, lower
limb ischemia in 1, and renal infarction in 1. Two
patients temporarily required hemodialysis after the
operation because of acute renal failure, and both of
these patients completely recovered from renal failure
during their hospitalization. No respiratory failure
requiring the aid of a respirator for more than 3 days
was observed.
Neurologic complications. Careful neurologic
examinations, which included psychometric tests (see
the appendix), were conducted by neurologists on the
first postoperative day and at the time of discharge.
Twenty-six patients, except for 1 who died early after
the operation, were available for a neurologic evalua-
tion, and all of them underwent CT of the head. There
were no patients in whom new lesions were observed
on their CT scan. There were no patients demonstrating
either a transient neurologic deficit or seizures.
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in a patient and upper limb ischemia in another patient
caused by the occlusion of the limb graft to the left sub-
clavian artery. Both patients were successfully managed
with conservative treatment. Fig 1 shows the actuarial
survival curve estimated by the Kaplan-Meier method
with a 4-year survival of 85%. Fig 2 shows the freedom
from reoperation estimated by the same method, with a
4-year freedom from reoperation of 90%.
Comment
All 27 patients had an acute type A aortic dissection,
and their aortic arch was injured by the dissection. In
19 (70%) of these patients, the intimal tear was located
only in the ascending aorta. According to most reports,
including the most recent ones,4,5,9,10 the patient whose
aortic arch was involved by the dissection and in whom
no intimal tears were observed in the aortic arch should
only undergo a repair of the ascending aorta because
the simultaneous repair of the aortic arch increases the
difficulty and risk of the operation. In addition, in the
large study by Crawford and colleagues,6 an extended
aortic repair was performed only when the intimal tear
was located in the aortic arch, when the dissected aor-
tic arch was ruptured, or when the false channel in the
aortic arch was severely dilated. On the other hand, few
authors include all patients who had an acute aortic
arch dissection and underwent a total aortic arch
replacement. Massimo and colleagues11 report on 54
patients who underwent an extended and total aortic
arch resection. Their 30-day mortality was 20%, which
is not significantly different from that recently reported
by others but higher than that reported herein.
Recently, the procedures for cerebral protection have
greatly improved. Both selective cerebral perfusion
techniques12 and retrograde cerebral perfusion tech-
niques13 showed excellent results, and we recently
reported the protective effects of large doses of
thiopental against cerebral global ischemia under pro-
found hypothermic conditions.7 In addition to these
significant improvements in perioperative manage-
ment, surgical techniques have also been improved as a
result of advances, such as biologic glues14 and the
introduction of nonwrapping techniques.15 In the opti-
mal surgical strategy the dissected aortic arch should be
replaced with a prosthetic graft irrespective of whether
the intimal tear is located in the aortic arch. As a result,
our hospital mortality was only 11%, which is lower
than that in most other series, including recent ones, in
which an aggressive aortic repair was not tried.9,10,16-18
We consider that total aortic arch replacement for
acute aortic arch dissection has several advantages over
the ascending aortic replacement alone. All possible
intimal tears in the aortic arch can be totally resected,
even when the intimal tear is not visible through an aor-
totomy of the ascending aorta. We have sometimes
experienced that intimal tears, which were judged not
to exist in the aortic arch during the operation, were
later found in the resected aortic arch specimen. A sec-
ond reason is that the number of patients who might
require a late reoperation can be expected to be lower
Fig 1. Survival of patients who had acute aortic arch dissection and underwent simultaneous replacement of the
ascending and transverse aorta with the prosthesis. Numbers in parentheses indicate the number of patients at risk
at each interval. The confidence limits for survival at a half year ranges from 78% to 92%.
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than when a dissection remains in the aortic arch.
Crawford and colleagues6 suggested that including the
aortic arch in the resection of the ascending aorta for an
acute dissection when the aortic arch contains the dis-
section resulted in fewer late reoperations. Further-
more, a previous operation involving the ascending
aorta has also been reported to be a significant risk fac-
tor in patients who require aortic arch repair.19 The
third reason for including the arch is that the prosthetic
graft can be anastomosed to the aortic wall more easi-
ly. Generally, it is thought that the nearer to the intimal
tear, the more fragile the aortic wall will be. Finally, the
area of the aortic wall that had been crossclamped dur-
ing the operation can be totally resected. The ascending
aorta needs to be crossclamped just before the origin of
the innominate artery when replacement of the ascend-
ing aorta alone is performed without using the
hypothermic circulatory arrest. The site of crossclamp-
ing is considered a risk of developing another intimal
tear postoperatively.
In our study the hospital mortality was 11%, which is
lower than that recently reported by other authors for
patients with an acute type A aortic dissection.4,5,9,10,18
An extended aortic resection thus allows the resection
of the intimal tear to be more accurate and the anasto-
mosis of the prosthetic graft to be more exact while
reducing the possibility of a new intimal tear. As a
result, we believe that patients with an acute type A
aortic dissection will have good survival.
An operation for an acute aortic dissection is often
performed on an emergency basis in less-experienced
centers. In such a setting, a routine repair of both the
ascending and transverse aortas is not considered to be
preferable to a more standard repair of the ascending
aorta alone. Because both skillful management and
techniques will be needed to replace the transverse
aorta, in less-experienced centers the more limited
standard repair (ie, a solely ascending repair) remains
the most appropriate approach. 
Aortic valve resuspension for acute aortic regurgita-
tion caused by an acute aortic dissection has been
demonstrated to be successful in many reports.20,21
We attempted to preserve the aortic valve for all
patients, except for patients who had a pre-existing
dilatation of the aortic sinuses. Ten patients required
aortic valve remodeling: 5 of these were performed
with mattress suture support, and the other 5 were
performed with glue only because gluing produced a
solid reconstruction of the proximal aortic stump.
Among these 5 patients who underwent aortic valve
remodeling with glue only, 2 required a reoperation as
a result of the recurrence of the dissection at the sinus
of Valsalva. The reoperation was not thought to be
attributable to the preservation of the aortic valve but
instead was due to inaccurate remodeling of the aortic
sinus without any suture support, suggesting the
potential for short-term failure of aortic valve remod-
eling with glue only.
Fig 2. Freedom from reoperation in patients who had acute aortic arch dissection and underwent simultaneous
replacement of the ascending and transverse aorta with the prosthesis. Numbers in parentheses indicate the num-
ber of patients at risk at each interval. The confidence limits for freedom from reoperation at 1 and 2 years range
from 91% to 100% and 83% to 97%, respectively.
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Regarding operative morbidity, its high rate in our
series remains unacceptable. There were 4 patients who
received ischemic damage to various tissues postopera-
tively: paralytic ileus in 1 patient, splenic infarction in
1, lower limb ischemia in 1, and renal infarction in 1.
The causes of these operative complications are con-
sidered to be due to malperfusion of various tissues
during or after the operation. In each of these 4
patients, preoperative or postoperative aortograms
showed the arteries to the organs that received ischemic
injuries to branch out from the false channel preopera-
tively but to be almost obliterated on postoperative aor-
tograms. However, no patients showed any symptoms
of visceral ischemia at the time of discharge. Avoiding
such ischemic injuries caused by malperfusion during
CPB or by the obliteration of the false channel after the
operation will require additional study.
Conclusion
Although there are limitations to our findings
because this was not a randomized prospective study,
the number of subjects was too small for an accurate
assessment of the surgical method, and the follow-up
period was too short to evaluate the reoperation-free
survival, a resection of both the ascending and trans-
verse aorta, irrespective of whether the intimal tear is
located in the aortic arch, may be an acceptable alter-
native at experienced centers.
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Appendix
The Hasegawa dementia score was used to detect a decline
in neurocognitive function. This examination is widely used
in Japan. Scores (range, 0-30) of less than 24 on this exami-
nation are indicative of cognitive dysfunction. This examina-
tion was performed on the 14th postoperative day. The indi-
vidual change score could not be analyzed because of the
preoperative critical state of patients. The Hasegawa demen-
tia score measured postoperatively averaged 27.0 ± 1.8.
